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(57) ABSTRACT

An apparatus and method for compensating for a black level
in order to solve a screen flickering phenomenon and a prob-
lem of convergence speed of a black level value. The appara-
tus for compensating for a black level includes: a black pixel
average value extraction unmit averaging black pixel values of
a current frame to determine a black pixel average value; a
luminance value extraction unit extracting a luminance value
from an analog gain and concentration time information of an
image sensor; a black level extraction unit calculating a frame
weight by using the luminance value and acquiring a black
level value of a current frame by using the frame weight, the
black pixel average value, and a black level value of a previ-
ous frame; and a black level compensation unit compensating
for valid pixel values of the current frame by using the black
level value of the current frame.

7 Claims, 3 Drawing Sheets
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APPARATUS AND METHOD FOR
COMPENSATING FOR BLACK LEVEL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the prionity of Korean Patent
Application No. 10-2010-0067967 filed on Jul. 14, 2010, 1n

the Korean Intellectual Property Office, the disclosure of
which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present imnvention relates to an apparatus for compen-
sating for a black level of an 1image sensor.

2. Description of the Related Art

An 1mage sensor, a semiconductor element for converting
an optical image 1nto an electrical signal, 1s widely employed
for digital cameras, mobile communications terminals, and
the like. The image sensor includes pixel arrays, and the like,
which detect light generated from a subject and convert the
detected light 1nto an electrical value.

Recently, as an image sensor has been implemented to have
a higher amount of pixels and a smaller size, pixel size has
been reduced and a fabrication process has become finer,
resulting 1n an increase 1n the influence of a dark current, dark
current noise generated by the dark current, photon shot
noise, MOS device noise, and the like. The increase in the
dark current brings about problems such as the degradation of
device performance and of charge storage capability. In par-
ticular, the increase 1n the dark current causes a serious prob-
lem such as degradation of the performance of the image
sensor and ol charge storage capability 1n a low intensity
illumination environment.

Thus, 1n an effort to solve the problem of the dark current,
currently, a black level value caused by the dark current is
compensated for by using a black level compensation circuait.

In order to extract only a dark current value generated by
heat, 1rrespective of an optical image, the black level com-
pensation circuit extracts a black level value by using a pixel
data value (namely, a black pixel value) of an optical black
arca completely blocked against light.

However, as the pixel size 1s reduced and the fabrication
process becomes finer, dark current noise, photon shot noise,
MOS device noise, and the like, are relatively increased as
compared with a practical signal value. Thus, when the black
level compensation circuit 1s 1n use, a variation of an nter-
frame black level value i1s increased at a low intensity of
1llumination, causing a phenomenon in which a device screen
flickers. In spite of an identical environment and an 1dentical
pixel, an output value of a pixel varies over time, due to the
dark current noise, photon shot noise, MOS device noise, and
the like, causing deviation between frames, and the inter-
frame deviation 1s further increased at a low intensity of
1llumination 1n which a great deal of analog gains are used, to
cause screen flicker.

That 1s, the difference between the pixels of frames causes
a difference between black level values of the frames, and as
a result, a black level value having a large deviation 1s sub-
tracted from each frame 1n the same environment, causing the
screen flickering phenomenon.

In order to reduce the screen thickering phenomenon, the
number of pixels used to obtain a black level value may be
increased to reduce the change in the black level value, which,
however, inevitably increases the size of the image sensor, so
this method 1s not practically desirable.
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Another method of obtaining a black level value by using
black pixel values during a few frames to tens of frames,
rather than increasing the black pixels to obtain a black level,
to reduce a change 1n the black level value to thereby mini-
mize the screen flickering phenomenon has been proposed,
but this method has a problem 1n that a convergence speed of
the black level value 1s low.

Namely, the black level value sharply changes when an
analog gain changes, but when an actually applied black level
value 1s obtained by using black pixel values of a few frames
to tens of frames as mentioned above, the black level value 1s
gradually converged into a value fitting a current environ-
ment, causing a problem such as an AE (Auto-Exposure)
speed, and the like.

SUMMARY OF THE INVENTION

An aspect of the present invention provides an apparatus
and method for compensating for a black level capable of
solving a problem of a convergence speed of a black level
value as well as a screen tlicking phenomenon by adaptively
obtaining a weight of each frame by using the difference 1n
luminance between frames and luminance information of a
current frame, while using black pixel values of several
frames without increasing the number of black pixels.

According to an aspect of the present invention, there 1s
provided an apparatus for compensating for a black level,
including: a black pixel average value extraction unit averag-
ing black pixel values of a current frame to determine a black
pixel average value; a luminance value extraction umit
extracting a luminance value from an analog gain and con-
centration time information of an 1mage sensor; a black level
extraction unit calculating a frame weight by using the lumi-
nance value and acquiring a black level value of a current
frame by using the frame weight, the black pixel average
value, and a black level value of a previous frame; and a black
level compensation unit compensating for valid pixel values

of the current frame by using the black level value of the
current frame.

According to another aspect of the present invention, there
1s provided a method for compensating for a black level,
including: calculating a frame weight from an analog gain and
concentration time information of an 1mage sensor; extract-
ing a black pixel average value from a black pixel value of a
current frame provided by the image sensor; calculating a
black level value of the current frame by using the frame
weight, a black pixel average value of the current frame, and
a black level value of a previous frame; and compensating
valid pixel values of the current frame through the black level
value of the current frame.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and other advantages
ol the present invention will be more clearly understood from
the following detailed description taken 1n conjunction with
the accompanying drawings, in which:

FIG. 1 1s a schematic block diagram of an apparatus for
compensating for a black level according to an exemplary
embodiment of the present invention;

FIG. 2 1s a graph showing a black level weight changing
over a luminance value according to an exemplary embodi-
ment of the present invention;

FIG. 3 1s a graph showing a black level weight changing
over a luminance value according to another exemplary
embodiment of the present invention; and
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FIG. 4 1s a flow chart 1llustrating the process of a method
for compensating for a black level according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention may be modified variably and may
have various embodiments, particular examples of which will
be illustrated 1n drawings and described 1n detail.

However, 1t should be understood that the following exem-
plifying description of the invention 1s not intended to restrict
the invention to specific forms of the present mnvention but
rather the present invention 1s meant to cover all modifica-
tions, similarities and alternatives which are included 1n the
spirit and scope of the present invention.

While terms such as “first” and “second,” etc., may be used
to describe various components, such components must not
be understood as being limited to the above terms. The above
terms are used only to distinguish one component from
another. For example, a first component may be referred to as
a second component without departing from the scope of
rights of the present mnvention, and likewise a second compo-
nent may be referred to as a first component. The term “and/
or’ encompasses both combinations of the plurality of related
items disclosed and any item from among the plurality of
related 1tems disclosed.

When a component 1s mentioned as being “connected” to
or “accessing’ another component, this may mean that it 1s
directly connected to or accessing the other component, but 1t
1s to be understood that another component may exist ther-
cbetween. On the other hand, when a component 1s men-
tioned as being “directly connected” to or “directly access-
ing”” another component, 1t 1s to be understood that there are
no other components in-between.

The terms used in the present application are merely used
to describe particular embodiments, and are not intended to
limit the present invention. An expression used in the singular
encompasses the expression of the plural, unless 1t has a
clearly different meaning in context. In the present applica-
tion, 1t 1s to be understood that the terms such as “including”™
or “having,” etc., are intended to indicate the existence of the
features, numbers, operations, actions, components, parts, or
combinations thereof disclosed 1n the specification, and are
not intended to preclude the possibility that one or more other
features, numbers, operations, actions, components, parts, or
combinations thereol may exist or may be added.

Unless otherwise defined, all terms used herein, including
technical or scientific terms, have the same meanings as those
generally understood by those with ordinary knowledge 1n the
field of art to which the present invention belongs. Such terms
as those defined 1 a generally used dictionary are to be
interpreted as having meanings equal to the contextual mean-
ings in the relevant field of art, and are not to be interpreted as
having ideal or excessively formal meanings unless clearly
defined as having such in the present application.

Embodiments of the present invention will be described
below 1n detail with reference to the accompanying drawings,
where those components are rendered using the same refer-
ence number that are the same or are in correspondence,
regardless of the figure number, and redundant explanations
are omitted.

FIG. 1 1s a schematic block diagram of an apparatus for
compensating for a black level according to an exemplary
embodiment of the present invention.

With reference to FI1G. 1, the apparatus for compensating,
for a black level according to an exemplary embodiment of
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the present invention may include a black pixel average value
extraction unit 1 operative to average black pixel values to
extract a black pixel average value, a luminance value extrac-
tion unit 2 operative to extract a luminance value from an
analog gain and concentration time information of an 1mage
sensor, a black level extraction unit 3, connected to the black
pixel average value extraction umt 1 and to the luminance
value extraction unit 2, operative to calculate a frame weight

by using the luminance value and determine a black level
value of a current frame by using the frame weight, the black
pixel average value, and a black level value of a previous
frame, and a black level compensation unit 4, connected to the
black level extraction unit 3, operative to compensate for
valid pixel values EP,~EP, ,of the current frame through the
black level value of the current frame. The various units may
be implemented in the various embodiments 1n various ways,
such as, for example, using hard wired logic, or using one or
more processors. The one or more processors may be, for
example, a programmable processor having soitware and/or
firmware executing thereon, ASICs, DSPs, etc. Theretfore, the
units may be implemented as hardwired logic, processors or
combinations thereof 1n accordance with the embodiments.
An apparatus as disclosed herein includes any processors,
hardwired logic, etc., required to implement the various units
as herein described.

In detail, the black pixel average value extraction unit 1
recerves black pixel values BP,~BP,; provided by N (N 1s a
natural number) number of black pixels positioned at an
optical black area, and averages them according to Equation
1 shown below to extract a black pixel average value m, of the
current frame.

N |Equation 1]

In Equation 1, BP; 1s the jth black pixel value.

The luminance value extraction unit 2 multiplies an analog,
gain AG by concentration time information I'T and divides a
resultant value by a normalization factor C, -to determine the
luminance value Lu, of the current frame, as represented by
Equation 2 shown below:

|Equation 2]

In Equation 2, C, -1s a normalization factor, which 1s used
to regulate a reflection degree of a frame normalization factor
in a weight used to obtain a black level value by the black level
compensation unit 4 later.

The black level extraction unit 3 calculates the black level
value BL, to be applied to the current frame on the basis of the
black pixel average value m, of the current frame determined
by the black pixel average value extraction unit 1 and the
luminance value Lu, of the current frame determined by the
luminance value extraction unit 2.

In detail, the black level extraction unit 3 adds an inter-
frame luminance value Lu, -and a black level weight P(Lu)
according to a luminance value to determine a weight (w) to
be used for obtaining the black level value BL, of the current
frame. The black level weight P(Lu) according to the lumi-
nance value has a form of a Poisson distribution function as
shown 1n the graphs of FIGS. 2 and 3. The reason for this 1s
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because a noise distribution according to the luminance value
appears substantially 1n the form of the Poisson distribution
function as shown 1n FIGS. 2 and 3. FIG. 3 1s a graph showing
a similar form to that of FIG. 2 by dividing data sections by
using a primary function in order to reduce complexity of the
Poisson distribution function. The accuracy of P(LLu) does not
greatly atlect the overall performance, so the graph of FIG. 3
may be used 1n the place of the graph of FIG. 2.

w=Lut g 4+P(Lu)

Lug,=Lu~Lu; || [Equation 3]

In Equation 3, Lu, 1s a luminance value of the current
frame, and Lu,_, 1s a luminance value of a previous frame.

Thereatter, as shown 1n FIG. 4, the black level extraction
unit 3 multiplies the ditference between the black pixel aver-
age value m, of the current frame and the black level value
BL, , of the previous frame by the frame weight (w), and
divides the resultant value by a control step resolution R, of
the frame weight. The black level extraction unit 3 then adds
the black level value BL,_; of the previous frame to a resultant
value to finally determine a black level value BL1 for com-
pensating the valid pixel values EP,~EP,  of the current
frame.

|Equation 4]

In Equation 4, R 1s a factor for regulating the control step
resolution of the frame weight, and a resolution setup of the
frame weight has the characteristics that it increases 1n pro-
portion to the factor R .

Finally, the black level compensation unit 4 serves to com-
pensate for the valid pixel values EP,~EP,, of the current
frame by using the black level value BL, obtained by the black
level extraction unit 3.

If 1t 1s processed only by a digital logic in the event of
compensation, the black level compensation unit 4 may
remove the black level of the current frame by simply sub-
tracting the black level value BL, from the valid pixel values
EP,~EP, . However, when an analog circuit 1s used to reduce
a loss of a dynamic range 1n the event of compensation, the
black level compensation unit 4 may calculate an analog
offset corresponding to the black level value BLi1 and feed
back the calculated analog offset to the analog circuit, thus
removing the black level of the current frame.

FI1G. 4 1s a flow chart illustrating the process of a method
for compensating for a black level according to an exemplary
embodiment of the present invention. Hereinafter, the case of
processing by the digital logic will be described for the sake
of brevity.

First, when the digital logic that controls the image sensor
in operation provides the analog gain AG and the concentra-
tion time 1nformation IT of the image sensor, the black level
compensation apparatus calculates the luminance value Lu,
of the current frame by using the analog gain AG and the
concentration time mformation I'T (81).

Next, the black level compensation apparatus compares the
luminance value Lu,_, of the previous frame and the lumi-
nance value Lu, of the current frame to calculate the differ-
ence Lu, ~1n the luminance value between the frames (S2).

Subsequently, the black level compensation apparatus
receives a sensor 1mage (S3), adds up all of the black pixel
values coming from an optical black area among the pixel
values constituting the sensor image (S4), and divides the sum
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by the number of pixels of the optical black area, namely, by
the number (N) of black pixels to obtain the black pixel
average value m, of the current frame (S5).

Thereatter, the black level compensation apparatus calcu-
lates the frame weight (w) for obtaining the black level value
BL, of the current frame by using the inter-frame luminance
ditterence Lu ;, -and the black level weight P(Lu) according to
the luminance value of the current frame (S6). The interirame
luminance ditterence Lu, - may be obtained by comparing
the luminance value of the current frame with the luminance
value of the previous frame and determining the difference.

Subsequently, the black level compensation apparatus cal-
culates the black level value BL, of the current frame by using
the black pixel average value m, of the current frame calcu-
lated 1n step S3, the frame weight (w) calculated 1n step S6,
the control step resolution R of the frame weight, and the
black level value of the previous frame according to Equation
4 (S7).

Finally, the black level compensation apparatus compen-
sates for the black level values EP,~EP, ,of the valid pixels by
using the black level value BL, of the current frame calculated
in step S7 (58).

For reference, in the above description, the respective steps
are sequentially performed, but the steps may be performed 1n
parallel or 1n reverse order, as necessary.

For example, steps S3 to S5 and steps S1, S2, and S6 may
be performed 1n parallel, steps S3 to S5 may be performed
first and steps S1, S2, and S6 may be performed thereafter, or
steps S1, 52, and S6 may be performed first and steps S3 to S5
may be performed thereafter.

As set forth above, according to exemplary embodiments
ol the invention, because noise such as a dark current, photon
shot noise, MOS device noise, and the like, assumes the form
of random noise, black level values of several frames are
averaged to be used based on the principle that as the number
of black pixels used for obtaining a black level value
increases, the variation of the black level value decreases,
thus reducing a change 1n the black level value to mimimize a
screen flickering phenomenon.

A problem that the black level value 1s slowly converged
because the black level values of several frames are averaged
to be used can be minimized by adaptively obtaining a weight
of each frame by using the difference in luminance between
frames and the luminance information of the current frame
(namely, the black level weight according to the luminance
value).

In other words, 1n a situation 1n which the brightness of a
surrounding environment, namely, the mtensity of 1llumina-
tion changes rapidly, the black level value of the current 1s
more weighted to increase the convergence speed, and when
the intensity of illumination of the surrounding environment
remains unchanged, because the convergence speed of the
black level value does not affect an AE operation, the black
level value of a previous frame 1s more weighted to minimize
a screen flickering phenomenon, thus minimizing degrada-
tion of an AE speed.

While the present invention has been shown and described
in connection with the exemplary embodiments, 1t will be
apparent to those skilled in the art that modifications and
variations can be made without departing from the spirit and
scope of the invention as defined by the appended claims.

What 1s claimed 1s:

1. An apparatus for compensating for a black level, the
apparatus comprising:

a black pixel average value extraction unit, operative to

determine a black pixel average value of a current frame
by averaging black pixel values of the current frame;
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a luminance value extraction unit, operative to extract a
luminance value from an analog gain and concentration
time information of an image sensor;

a black level extraction unit, connected to the black pixel
average value extraction unit and the luminance value
extraction umit, operative to calculate a frame weight by
using the luminance value and determine a black level
value of the current frame by using the frame weight, the
black pixel average value, and a black level value of a
previous frame; and

a black level compensation unit, connected to the black
level extraction unit, operative to compensate for valid
pixel values of the current frame by using the black level
value of the current frame,

wherein the luminance value extraction unit 1s operative to
determine the luminance value by multiplying the ana-
log gain by the concentration time information to obtain
a resultant value, and dividing the resultant value by a
normalization factor.

2. The apparatus of claim 1, wherein the black level extrac-

tion unit 1s operative to determine the black level value of the
current frame from an equation:

wim; — BL; 1)

W

Bl; = + BL;

wherein BL, 1s the black level value of the current frame, w
1s a frame weight, m, 1s the black pixel average value of
the current frame, BL_, 1s the black level value of the
previous frame, and R ;- 1s control step resolution of the
frame weight, where 1 1s a positive integer.

3. The apparatus of claim 2, wherein the black level extrac-
tion unit 1s operative to determine the frame weight by using,
a difference 1n luminance between the current and previous
frames and a luminance value of the current frame.

4. The apparatus of claim 1, wherein the black level com-
pensation unit 1s operative to subtract the black level value of
the current frame from each of the valid pixel values.
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5. The apparatus of claim 1, wherein the black level com-
pensation unit 1s operative to calculate an analog oifset cor-
responding to the black level value of the current frame and
teedback the analog offset to an analog circuit to remove the
black level of the current frame.

6. A method for compensating for a black level, the method
comprising;

calculating a frame weight from an analog gain and con-

centration time imnformation of an 1mage sensor;
extracting a black pixel average value from a black pixel
value of a current frame provided by the image sensor;
calculating a black level value of the current frame by using,
the frame weight, a black pixel average value of the
current frame, and a black level value of a previous

frame: and
compensating for valid pixel values of the current frame by
using the black level value of the current frame,
wherein said calculating the frame weight comprises:
determining a luminance value of the current frame by
using the analog gain and the concentration time
information;
determining a difference 1n luminance between frames
by comparing the luminance value of the current
frame to a luminance value of the previous frame; and
determining the frame weight by using the difference 1n
luminance between the frames and the luminance
value of the current frame.
7. The method of claim 6, wherein said calculating the
black level value of the current frame, uses an equation:

w(m; — BL;_1)

W

Bl; = + BL;_4

wherein BL, 1s the black level value of the current frame, w
1s a frame weight, m, 1s the black pixel average value of
the current frame, BL,_; 1s the black level value of the
previous frame, and R ;- 1s control step resolution of the
frame weight, where 1 1s a positive integer.
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